In 2 experiments, rats received preexposure to 2 compound contexts: AB and CD for the congruent group and AC and BD for the incongruent group. Subsequently, all rats received a configural discrimination in which separate placement in contexts A or B indicated that presentations of stimulus X would be followed by food and presentations of Y would not, and separate placement in contexts C and D indicated that Y would be followed by food and X would not. In both experiments, rats in the congruent group acquired the conditional discrimination more rapidly than those in the incongruent group. These results are inconsistent with conventional associative accounts of either stimulus preexposure effects or configural learning and instead provide support for a connectionist account.
The nature of the associative structures that underlie learning in animals is the subject of continuing debate. On the one hand, some have argued that all forms of learning can be explained in terms of the formation of various binary or elementary associations between the representations of stimuli (e.g., McLaren & Mackintosh, 2000 , 2002 Wagner, 2003) . On the other hand, there are those who have argued that the association between any pair of stimuli is mediated by their shared ability to activate some intervening configural or hidden unit (e.g., Pearce, 1994) . The central issue in this debate concerns the nature of the representation of compound stimuli (stimuli constructed from two or more components). Two phenomena that are of particular relevance in this regard are sensory preconditioning and configural learning. Both phenomena are well established and, whereas one (sensory preconditioning) seems to be most readily explained in elemental terms, the other (configural learning) appears, as its name suggests, more conducive to a configural analysis.
Sensory preconditioning refers to the observation that following exposure to a stimulus compound (AB), a conditioned response subsequently established to A, by pairing it with an event of motivational significance (an unconditioned stimulus; US), will be evoked by the presentation of B (e.g., Brogden, 1939; Rescorla & Cunningham, 1978) . To explain this pattern of results, one need only suppose that exposure to AB enables a direct association to form between the representations of A and B, that in pairing A with the US an association forms between their representations, and that when B is presented at test it provokes a conditioned response through activation flowing along an associative chain: B 3 A 3 US. Although this elementary associative account of sensory preconditioning has the dual virtues of simplicity and plausibility, an alternative configural analysis has been entertained to explain effects of this kind (e.g., Bateson & Horn, 1994; Gluck & Myers, 1993; Pearce, 2002; Rescorla & Durlach, 1981) . According to this analysis, exposure to an AB compound results in its components coming to address a single configural representation that is activated both when A is presented alone and paired with the US and when B is presented alone at test. To date, however, there is little evidence that allows an assessment to be made of the relative contribution of elementary and configural processes to sensory preconditioning (but see Rescorla & Freberg, 1978) .
Configural learning refers to the observation that animals can acquire discriminations in which the outcome that is delivered on a particular trial is indicated by the combination of stimuli that are presented on that trial. For example, four component stimuli (A, B, X, and Y) might be combined to produce two compounds (AX and BY) that are paired with a US and two compounds that are not (AY and BX). The fact that animals come to show greater conditioned responding during the reinforced compounds than the nonreinforced compounds indicates that they must be learning something over and above simple binary associations between the components of the trials (A, B, X, and Y) and the presence or absence of the US. A natural account of how animals solve such a discrimination is to assume that exposure to AX, BX, AY, and BY results in the components of these different compounds coming to address four configural representations (ax, bx, ay, and by) that become linked to the representation of the outcome of the trial on which they are activated (e.g., see Pearce, 1994) . However, as in the case of sensory preconditioning, an alternative view has been enter-tained that preserves the possibility that all learning is, in this case, elemental in nature. According to this view, the combination of two stimuli (e.g., A and X) gives rise to a unique element (or set of elements) that can enter into direct binary association with the outcome of a trial on which they are activated (e.g., . The results of our recent experiments (see next paragraph), which have investigated the associative structures that underlie configural learning, are more consistent with the spirit (if not the detail) of configural than that of elemental theorizing.
In these experiments, rats typically received the discrimination summarized in the right-hand side of Table 1 in which four compounds (AX, BX, CY, and DY) were paired with the delivery of food, and four compounds (AY, BY, CX, and DX) were followed by no food. Both traditional elemental and configural accounts of learning suppose that rats should have little difficulty in acquiring this discrimination: Both assume that each compound will activate different unique or configural representations that enter into association with the outcome of the trial on which they become active. However, both accounts have difficulty explaining other aspects of our results. For example, Honey and Watt (1998, 1999) demonstrated that following acquisition of this discrimination rats were more likely to show generalization of conditioned fear between A and B than between A and D (see also, Coutureau et al., 2002; Honey & Ward-Robinson, 2001 , 2002 WardRobinson & Honey, 2000) . It is, however, possible to develop a modified (configural) analysis for these results by making the following simple assumption: When similar compounds (e.g., AX and BX) are followed by the same outcome (food), they become linked to a common configural or hidden unit (i.e., abx) within a connectionist network, and when similar compounds (e.g., AX and DX) are followed by different outcomes (e.g., food and no food), they become linked to different hidden units. The fact that both A and B can address abx provides a clear-cut basis for greater generalization between A and B than between A and D (for direct supporting evidence, see Allman & Honey, 2005; Allman, WardRobinson, & Honey, 2004) .
There are a number of ways in which the analysis outlined in the preceding paragraph can be implemented that need not concern us in the present article (see, e.g., Allman et al., 2004; Gluck & Myers, 1993; Kehoe, 1988) . However, the general idea that during the configural discrimination under consideration AX and BX come to activate the same hidden unit makes a straightforward prediction when taken in conjunction with a configural analysis of sensory preconditioning. If rats receive exposure to AB (and CD) prior to the configural discrimination, then they should acquire it more rapidly than rats given exposure to AC and BD. Thus, we assume that initially the links between the input layer of units and the hidden units are random and weak. This means that on presentation of a compound that activates a set of input units, there is some tendency for the hidden layer units to become active, and once a "winning" unit is selected (see Allman et al., 2004, p. 123) the links between the active input units and that hidden unit are strengthened. When AB and CD are presented, they activate different (pairs of) input layer units that become linked to different hidden units (ab and cd), and the pattern of input-to-hidden layer links will be congruent with the pattern of links that we assume develops during the configural discrimination (e.g., when A, B, and X are linked to abx). When AC and BD are presented, they too come to activate different hidden units (ac and bd), but the pattern of input-to-hidden layer links will be incongruent with the pattern of links that ordinarily forms during the configural discrimination. To be more specific, if preexposure to AB in the congruent group resulted in the input units activated by its components becoming linked to a particular hidden unit (ab), then this unit might become activated when, for example, AX was paired with food during the configural discrimination. This hidden unit, which would now code for A, B, and X (abx), would allow what was learned on that reinforced AX trial (i.e., A, B, X 3 abx 3 food) to transfer in an appropriate manner to BX, which is also reinforced. (During the introduction to Experiment 2, we consider the complementary possibility that ab might instead come to incorporate what is learned on a nonreinforced AY trial.) The situation for the incongruent group is quite different. In that case, the hidden unit that had come to code for A and C during preexposure (ac) and was then adapted on the AX trial to incorporate X (acx) will mediate transfer of what was learned on the reinforced AX trial (i.e., A, C, X 3 acx3 food) to the nonreinforced CX trial and should thereby result in poor performance.
The prediction presented in the previous paragraph ignores the possibility that repeated prior activation of a given hidden unit might result in a reduction in its readiness to enter into association with either outcomes (food or no food) or other stimuli (X and Y) presented during the configural discrimination. If such a latent inhibition process was in operation, then it should oppose any congruency effect that is based on the formation of input-to-hidden layer links: For the congruent group, the latently inhibited hidden units are those adopted during the subsequent discrimination, whereas this is not the case in the incongruent group. There is, however, a good theoretical basis for supposing that at least some sources of latent inhibition might not be operative in the situation under consideration here, in which the preexposed entities are hidden units. Thus, one popular and well-supported account of latent inhibition is based on a distinction between the mnemonic activation produced by the presentation of a novel or unexpected stimulus (i.e., the A1 activity state in Wagner's [1981] model) and that produced when the memory of a stimulus decays or is associatively activated (i.e., the A2 state in Wagner's model). Briefly, it is assumed that when the presentation of a stimulus results in its representation entering the A1 state (because it is novel or unexpected) it will be more rapidly learned about than when the memory of the presented stimulus has already been primed into the A2 state (because it has been recently presented or associatively Note. A, B, C, and D denote contexts (cool, object, spotted, and odor); X and Y denote auditory and visual stimuli (tone or light); food and no food indicate trials on which the outcomes of the trials were food and no food. In Experiment 1, rats received a block of preexposure followed by a block of discrimination training, and in Experiment 2, rats received alternating days of preexposure and discrimination training. activated). This distinction between types of mnemonic activity cannot readily be applied to the activation of the internal layer of hidden units within a three-layer network: The activity in these hidden units is all internally or associatively driven and simply increases as a function of the product of (a) the intensity of the input pattern that is applied to the network and (b) the strength of the input-to-hidden layer links (for a related point, see Honey, 2000, p. 12) . Of course, there are alternative sources of latent inhibition that might still play a role in our experiments, but without the source of latent inhibition identified with Wagner's model, we felt the prediction that congruent exposure would result in more rapid acquisition of our configural discrimination than incongruent exposure was worth pursuing. More important, elemental theories of what is acquired during exposure to compounds during either sensory preconditioning or configural learning do not predict that congruent and incongruent preexposure could have differing effects on the acquisition of configural discrimination. According to a standard associative account of sensory preconditioning, preexposure to AB and CD for the congruent group (and to AC and BD for the incongruent group) should allow the formation of associations between the components of these compounds (and it might result in activation of elements unique to the presentation of each compound: ab, cd, ac, and bd). To solve our configural discrimination, such an account assumes that the unique elements activated by each of the eight compounds enter into association with the outcome that follows their activation (ax 3 food, bx 3 food, cx 3 no food, dx 3 no food, ay 3 no food, by 3 no food, cy 3 food, dy 3 food). Formalized in this way, it is clear that there is no reason to predict that rats given congruent preexposure should acquire the discrimination more rapidly than those given incongruent preexposure: The unique cues activated during the two kinds of preexposure should not differentially influence those activated by the compounds presented during configural learning, and any direct associations formed between the components of preexposed compounds should not have any impact on the ability of the unique cues generated during configural learning to be learned about (for further elaboration, see General Discussion). Experiments 1 and 2, therefore, examined the influence of compound preexposure on the acquisition of a configural discrimination to assess the different predictions made by the two classes of explanation for how compound stimuli are represented: one based on simple elementary associations and one based on a connectionist network in which associations between one stimulus and another are mediated by a layer of hidden, configurable units.
Experiment 1
The design of Experiment 1 is summarized in Table 1 . During the first, preexposure stage, all rats were placed into two hybrid contexts that each combined two of the four possible contextual components (A, B, C, and D: cool, object, odor, and spotted). Rats in the congruent group received exposure to context AB (e.g., a chamber that had a cool floor and contained an object) and context CD (e.g., a chamber that had spotted walls and contained an odor); rats in the incongruent group received exposure to the hybrid contexts AC and BD. All rats then received configural discrimination training: In contexts A and B, presentations of X (e.g., a tone) were paired with food, and presentations of Y (e.g., a light) were not; in contexts C and D, Y was paired with food and X was not. The question of interest was whether rats in the congruent group would acquire the discrimination more rapidly than those in the incongruent group.
Method
Subjects. Sixty experimentally naive male Lister Hooded rats (supplied by Harlan Olac, Oxon, U.K.) were used in Experiment 1, which was run in three replications (with 24 rats in each of the first two replications and 12 in the final replication). The three replications were conducted in an identical fashion, with the exception that in the final replication, rats received a single 20-min session of exposure to an undecorated chamber before the preexposure stage began, and there was only a single session of magazine training (see below). The rats were maintained at 80% of their ad-lib weight (M ϭ 319 g; range: 284 -385 g) by being given a restricted amount of food at the end of each day.
Apparatus. Four operant chambers (Test Chamber CI-410; supplied by Campden Instruments, Loughborough, England) arranged in a 2 ϫ 2 array were used. Each chamber (21-cm high ϫ 24.5-cm wide ϫ 23-cm deep) was positioned within a sound-attenuating box, the door of which was closed throughout each session. Each chamber had three aluminum walls and an aluminum ceiling. Unless otherwise stated, each chamber had a standard 16-bar grid floor (stainless steel bars, with a diameter of 0.47 cm, spaced 0.93 cm apart, center to center) with a drop tray housed beneath. The front wall of each chamber was constructed from transparent Perspex and served as the door to the chamber. There was a food well (measuring 6-cm high ϫ 5-cm wide ϫ 4-cm deep) in the left-hand aluminum wall of the chamber into which 45-mg food pellets (supplied by P. J. Noyes, Lancaster, NH) could be delivered. A Perspex flap hinged along its uppermost edge guarded access to this food well. A food well entry (or response) was automatically recorded when the top-hinged magazine flap was pushed approximately 2 mm from its normal resting position. A 3-W light bulb positioned in the center of the ceiling panel of each chamber provided local illumination, and the light in the experimental room was illuminated throughout the experimental procedure.
Each hybrid context (AB, CD, AC, and BD) was presented in the same chamber (in the 2 ϫ 2 array) over the course of the preexposure phase. During the conditional discrimination, each individual context (A, B, C, and D) was allocated to a particular chamber in the 2 ϫ 2 array. The odor context (upper left chamber) was created by attaching a vanilla-scented red odor cube (measuring approximately 4.6 cm 2 ; supplied by Dale Air, Lancs, England) to the center of the inside face of the chamber's door; six small holes on the side of the cube that faced the back wall of the chamber allowed the odor to diffuse into the chamber. The cool context (lower left chamber) was created by replacing the standard bar floor with an aluminum sheet floor (24.5-cm wide ϫ 23.5-cm deep) that had a bracket on the underside, into which two frozen picnic blocks could be inserted; this arrangement created a floor temperature of approximately 10°C and an ambient air temperature of approximately 22°C. The walls and the ceiling of the spotted context (upper right chamber) were lined with spotted wallpaper (black spots on a white background) mounted behind transparent Perspex panels. Finally, the object context (lower right chamber) had an upturned glass slide bath (measuring 6-cm high ϫ 11.8-cm 2 ) placed in the far right-hand corner of the chamber. Although this object was not attached to the chamber, its weight (695 g) meant that its position remained relatively unchanged throughout the course of each session. For a full description of the olfactory and object contexts, see Allman et al. (2004) , and for a full description of the spotted and cool contexts, see WardRobinson and Honey (2000) .
In addition to the four contexts, two conventional stimuli (X and Y) were also used during the configural discrimination. These were a 2-kHz tone (presented at approximately 78 dB) and two 3-W lights. The tone was presented through a loudspeaker that was located within the ceiling panel of each chamber, and the two stimulus lights were located on either side of the food well (15 cm above the floor and 12.5 cm apart, center to center; the wallpapered panels of the visual context had cutouts to accommodate the speaker, stimulus lights, and food well).
Preexposure. On each of 12 days, rats received two 20-min sessions that were separated by approximately 2 min. In one session, rats in the congruent group were placed in a chamber that combined elements of contexts A and B (context AB), and in the other session, the chamber combined elements of contexts C and D (context CD); for rats in the incongruent group, the chambers in which they were placed combined elements of A and C (context AC) and B and D (context BD). The order in which the two hybrid contexts were presented alternated across days. For half of the rats in the congruent group, placement in AB preceded CD on the 1st day and CD preceded AB on the 2nd day, and for the remainder this arrangement was reversed. Similarly, for half of the rats in the incongruent group, AC preceded BD on the 1st day and BD preceded AC on the 2nd day, and for the remainder this arrangement was reversed. The identities of the contexts serving as A, B, C, and D were fully counterbalanced in both groups, with an equal number of rats (in each group) being exposed to each of the three possible pairs of hybrid contexts that served as AB and CD (for the congruent group) or AC and BD (for the incongruent group): cool ϩ object and spotted ϩ odor; cool ϩ odor and spotted ϩ object; cool ϩ spotted and object ϩ odor. No data were recorded during the preexposure sessions.
Magazine training and configural discrimination training. On the day after the final preexposure day, all rats were trained to retrieve food pellets from the food well in standard (undecorated) chambers with standard floors. In one 20-min session, the flap in front of the food-well was taped open, allowing the rat unimpeded access to food pellets that were delivered on a variable time 60-s schedule (20 pellets were delivered in total; Replications 1-3). During a second session, the flap was returned to its normal resting position and 20 pellets were delivered on a variable time 60-s schedule (Replications 1 and 2). Following magazine training, all rats received 8 days of configural discrimination training, in which they were placed in each of the four contexts (A-D) and received presentations of X and Y that were followed by either food (2 pellets) or no food. When rats were placed in contexts A and B, presentations of X were followed by food and those of Y were not (AX 3 food, AY 3 no food; BX 3 food, BY 3 no food), and when placed in contexts C and D, X was followed by no food and Y by food (CX 3 no food, CY 3 food; DX 3 no food, DY 3 food). Each stimulus presentation (X and Y) was 10 s, and there were 10 presentations of each stimulus in a session. The stimuli were presented in two pseudorandom sequences (one a transposition of the other) that alternated across days and had the constraint that no more than two presentations of the same stimulus could occur in succession.
Behavioral measures. To assess discrimination learning, we calculated a discrimination ratio for performance in each of the contexts (A-D) by dividing the rate of responding during the stimulus paired with food (X or Y) by the rate of responding during both stimuli (X and Y). For example in context A, the discrimination ratio ϭ X/(X ϩ Y). When this measure is used, a score above .50 indicates that responding is greater during the reinforced stimulus than the nonreinforced stimulus.
Results
The mean discrimination ratios (pooled across contexts A, B, C, and D) for each day of training in Experiment 1 are shown in the left panel of Figure 1 . Inspection of this figure reveals that on the first 2 days of training, the discrimination ratios for both groups were similarly low, and thereafter the ratios for the congruent group were greater than those for the incongruent group by a small but relatively consistent margin. Analysis of variance (ANOVA) revealed an effect of day, F(7, 406) ϭ 29.60, p Ͻ .01, an effect of preexposure type (congruent or incongruent), F(1, 58) ϭ 4.82, p Ͻ .05, and no interaction between these factors, F(7, 406) ϭ 1.77, p Ͼ .05. The rates of responding on nonreinforced trials across the course of discrimination training, with means of 10.43 responses per minute (rpm) for the congruent group and 10.34 rpm for the incongruent group, did not differ significantly (F Ͻ 1). Figure 1 . Left: Experiment 1. Mean discrimination ratios (ϮSEM, represented by error bars) for groups given a block of preexposure to AB and CD (for the congruent group) or AC and BD (for the incongruent group) prior to receiving a configural discrimination in which placement in contexts A and B indicated that X would be followed by food and Y would not, whereas placement in contexts C and D indicated that Y would be followed by food and X would not. Right: Experiment 2. Mean discrimination ratios (ϮSEM, represented by error bars) for groups given exposure to AB and CD (for the congruent group) or AC and BD (for the incongruent group) interleaved with configural discrimination training.
Discussion
Experiment 1 examined the effects of preexposure to compound stimuli on the acquisition of a configural discrimination involving the components of those compounds. The congruent group received preexposure to AB and CD, and the incongruent group received exposure to AC and BD. All rats then received a configural discrimination in which, when A or B was combined with X (and Y), the resulting compounds signaled the same outcome and, when C or D was combined with X (and Y), the resulting compounds signaled the opposite outcomes. The fact that the congruent group acquired the discrimination more rapidly than the incongruent group is consistent with configural accounts of sensory preconditioning and configural learning. According to such accounts, during the preexposure stage the components of compounds (e.g., AB and CD) come to activate a hidden or configural unit. Elsewhere, we have presented evidence indicating that during the discrimination used in Experiment 1, the components of similar compounds (e.g., AX and BX) that are followed by the same outcome come to address a common hidden unit within a connectionist network (e.g., Honey & Watt, 1998) . One obvious interpretation of the findings of Experiment 1 is that the preexposure treatment given to the congruent group effected changes in the links between (a) the input units activated by the components of the compounds and (b) the hidden layer, which would be consistent with those acquired during the discrimination, but that this was not the case in the incongruent group.
It should be acknowledged, however, that the congruency effect observed in Experiment 1 was small in magnitude, and it is worth briefly considering why this might have been the case before adopting a somewhat different experimental procedure to replicate and extend the results of Experiment 1. One obvious possibility, foreshadowed in the introduction, is that in strengthening specific patterns of links between sets of input units and particular hidden units, preexposure might also result in a latent inhibition effect to the repeatedly activated hidden units. This latent inhibition effect would oppose any congruency effect. Although we have argued that some sources of latent inhibition should not be operative in the case that we are considering (i.e., Wagner, 1981) , it remains possible that others might. If this was the case, then there would be grounds for supposing that the effect observed in Experiment 1 represents an underestimation of the influence of the congruency between the input-to-hidden layer links formed during preexposure and the configural discrimination: The rate of change in the hidden-to-outcome layer links in the congruent group might have been slow relative to the rate of change in these links in the incongruent group, and this difference would oppose the effect of congruency.
Experiment 2
The aim of Experiment 2 was to extend the generality of the novel findings from Experiment 1. In Experiment 1, rats received a block of exposure to the compounds prior to receiving the test discrimination; this aspect of the procedure parallels that used in studies of sensory preconditioning. In Experiment 2, we sought to increase the size of the congruency effect by using a somewhat different procedure in which days of preexposure were interleaved with days of discrimination training. Thus in Experiment 2, days on which rats received either congruent exposure (to AB and CD) or incongruent exposure (to AC and BD) were interleaved with days on which they received the configural discrimination training involving the four contexts (A-D). Our prediction was that this procedure should also produce more rapid acquisition in the congruent than in the incongruent group.
So far, we have considered only the example in which, following exposure to AB, the hidden unit activated by A and B was recruited when AX was reinforced and A, B, and X became linked to the same abx hidden unit (which was then linked to the food output unit). Adopting this example again for Experiment 2, we hypothesized that exposure to AB following a session of configural discrimination training might both strengthen the links among A, B, and the abx unit and weaken the link between this unit and the food output unit. Under these circumstances, any congruency effect that is observed must reflect the fact that the beneficial effect of changes in the input-to-hidden links outweighs that of changes to the hidden-to-output layer. However, it is equally likely that following exposure to AB, the hidden unit activated by A and B (ab) is recruited when AY is nonreinforced, and this allows A, B, and Y to become linked to the same aby hidden unit (which becomes linked to the no food output unit). In other words, the effect of exposure to the compounds could be to influence what is learned on nonreinforced trials as well as on reinforced trials. Now, when AB is presented following discrimination training, the strengthening of the links between A, B, and aby complements, or at least is not pitted against, changes in the hidden-to-output layer link (i.e., between aby and no food; cf. Zimmer-Hart & Rescorla, 1974) . For this reason, the procedure used in Experiment 2 might be expected to produce a more robust effect than that observed in Experiment 1.
Method
Twenty-four experimentally naive male Lister Hooded rats from the same supplier as in Experiment 1 were used and maintained at 80% of their ad-lib weight (M ϭ 386 g; range: 345-444 g). All details of the method were the same as in Experiment 1, with the exception that magazine training was conducted on Days 1 and 2 and that thereafter rats received interleaved days on which they received exposure and discrimination training. Exposure sessions were conducted on odd-numbered days and discrimination training was conducted on even-numbered days.
Results and Discussion
The mean discrimination ratios for each day of training are shown in the right panel of Figure 1 . Inspection of this figure reveals that between Days 1 and 3 the discrimination ratios for the congruent and incongruent groups were similar but that on the remaining days the discrimination ratios for the congruent group were consistently greater than those for the incongruent group. ANOVA revealed an effect of day, F(7, 154) ϭ 12.46, p Ͻ .01, an effect of group, F(1, 22) ϭ 20.13, p Ͻ .01, and no interaction between these factors, F(7, 154) ϭ 1.69, p Ͼ .10. The rates of responding on nonreinforced trials across the course of discrimination training, with means of 8.43 rpm for the congruent group and 9.00 rpm for the incongruent group, did not differ significantly (F Ͻ 1). The results of Experiment 2 successfully replicate the pattern of results observed in Experiment 1, and cross-experiment comparison suggests that interleaving exposure with discrimination training produces a larger effect than presenting exposure and discrimination training in separate blocks.
General Discussion
In a typical demonstration of sensory preconditioning, preexposure to a compound (e.g., AB) allows a response that is subsequently established to A to be elicited by the presentation of B. Demonstrations of sensory preconditioning have had an enduring impact on researchers' understanding of learning in animals: They represent evidence of learning that (a) occurs in the absence of an explicit reward, (b) is inherently based on the sensory properties of stimuli, and (c) might provide the basis for other phenomena, like perceptual learning, usually considered beyond the remit of associative models derived from studies of Pavlovian conditioning. One way to summarize the results presented in Experiments 1 and 2 is that they show that preexposure to a compound (e.g., AB) allows configural learning that has taken place in A (i.e., that AX is followed by food) to transfer to B (where BX is also followed by food). This simple way of describing our results should not, however, be taken to indicate that there is a correspondingly simple explanation for them. For example, there is a simple elementary associative account for both sensory preconditioning and configural learning, but this account provides no explanation for the results of Experiments 1 and 2, nor is there any obvious way in which it could be extended to do so. For example, it might seem appealing to allow what is learned about the unique elements during the configural discrimination (e.g., ax 3 food) to transfer from one context (A) to another (B) through the association formed between them during preexposure. However, a little reflection reveals that this kind of extension provides no help in explaining the results of Experiments 1 and 2: In both the congruent and incongruent groups, performance will be enhanced in context B when the unique cue that is associatively activated (ax for the congruent group and dy for the incongruent group) is linked to the same outcome as that about to be delivered (when X is presented in B). However, by the same token, performance will be hindered when the unique element that is associatively activated (ay for the congruent group and dx for the incongruent group) is linked to a different outcome. Moreover, in the congruent and incongruent groups, the likelihood of these two possible effects is equivalent.
Elemental theories assume that all associations are direct and binary, in the sense that they suppose that a single association (of a particular type) links any two representational stimulus elements. Configural theories can be equally parsimonious, assuming that the ability of the presentation of one (input) stimulus to activate another (output) stimulus is always mediated by a configural or hidden unit. Indeed, to acquire the configural discrimination used in Experiments 1 and 2, rats need only develop four such configural associations: ABX 3 abx 3 food, ABY 3 aby 3 no food, CDX 3 cdx 3 no food, and CDY 3 cdy 3 food. The suggestion that rats acquire the configural discrimination from Experiments 1 and 2 in this way receives support from the results of a series of studies from our laboratory (e.g., Allman & Honey, 2005; Allman et al., 2004; Coutureau et al., 2002; Honey & Ward-Robinson, 2001 , 2002 Honey & Watt, 1998 , 1999 Ward-Robinson & Honey, 2000) . There is a straightforward configural analysis for the effects of compound exposure on the acquisition of this discrimination. Exposure to AB will result in its components becoming linked to the same hidden unit (ab), and if this unit becomes active when X is paired with food in context A, then the resulting abx 3 food link should allow successful transfer of performance to context B (where X is also followed by food). Exposure to AC will result in its components becoming linked to the same hidden unit (ac), and if this unit becomes active when X is paired with food in context A, then the resulting acx 3 food link should not allow successful transfer of performance to context B (where X is also followed by food) but instead result in inappropriate transfer to context C (where X is followed by no food).
There is another possible way in which to cast the results of Experiments 1 and 2 that relies on the suggestion that rats acquire both elementary associations (during preexposure) and hierarchical associations (during configural learning; see Bonardi, 1989; Holland, 1983; Rescorla, 1991) . If rats acquire an A-B association and hierarchical knowledge involving A and the simple associations acquired in its presence (i.e., A 3 [X 3 food] and A 3 [Y 3 no food]), then when they are placed in context B a representation of A might become active and enable the X 3 food and Y 3 no food associations. Under these conditions, rats might be more inclined to respond when X is presented than when Y is presented. Of course, if rats had acquired an A-C association during preexposure, then the resulting enabling effect would conflict with the reinforcement contingencies in operation in context C (where it is Y rather than X that is followed by food). There is nothing in the results of Experiments 1 or 2 that allows us to choose between this hybrid analysis and the more parsimonious, connectionist analysis. However, it should be apparent that without further specification of how a hierarchical cue (e.g., A) enables an association (e.g., X 3 food) the difference between the hybrid and connectionist analysis might turn out to be less clear-cut than it first appears: If such a specification involved appealing to the type of hidden units that are central to a connectionist analysis, then it would be parsimonious to assume that the basis for the effects seen in Experiments 1 and 2 is that preexposure to a stimulus compound (e.g., AB) results in its components coming to activate a hidden unit. Furthermore, without further specification of the enabling property that underlies configural learning, the results of previous studies that we have conducted become very difficult to interpret (see ; see also, Allman & Honey, 2005; Allman et al., 2004; Hodder, George, Killcross, & Honey, 2003) .
There is, however, an alternative hybrid analysis for the results of Experiment 1 and 2 that is consistent with our preferred approach and seems more appealing. This analysis adopts a connectionist approach to the way in which animals acquire configural discriminations but assumes that compound preexposure results in changes in the links between input units rather than changes between the input-to-hidden layer units. If one permits such links to form, then the hidden unit activated on a given trial will come to represent both the input units that are directly activated by the pattern of stimulation together with those input units that are indirectly activated by input-to-input layer links. For example, if preexposure to AB resulted in links forming between the input layer units activated by A and B, then when AX is paired with food during the configural discrimination, the pattern of input units activated would also include B. Under these circumstances, the "winning" hidden unit (abx) would represent A, B, and X and permit what was learned on the reinforced AX trial (i.e., ABX 3 abx 3 food) to generalize appropriately to BX. In the case of preexposure to AC, the "winning" hidden unit (acx) would represent A, C, and X and allow what was learned on the reinforced AX trial (i.e., ACX 3 acx 3 food) to generalize in an inappropriate way to CX. Leaving parsimony aside, the results of Experiments 1 and 2 allow no choice to be made between a connectionist analysis that relies on compound preexposure indirectly influencing the pattern of input units that subsequently becomes linked to a hidden unit during configural discrimination learning and one that supposes that preexposure exerts a direct influence on the pattern of input-to-hidden layer links themselves.
In summary, the finding that preexposure to a stimulus compound can mediate the transfer of configural learning between the components of that compound is novel and theoretically noteworthy: This interaction between the learning that takes place during simple preexposure and configural learning is more readily captured by a configural, connectionist model than by extant elemental models.
